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Description 

[Thermostat With One Button 
Programming Feature] 

Background of Invention 

[0001] This application is related to commonly assigned co- 
pending U.S. patent application serial number 10/248,778 
filed Feb. 18, 2003, incorporated herein by reference. 

[0002] There presently exist numerous programmable ther- 
mostats that will allow a user to set back the temperature 
set point during select periods to provide energy savings. 
However, programming such a thermostat typically re- 
quires the user to complete a complex series of steps to 
select the temperatures and time periods before the user 
can initiate the set back program, or force the user to use 
a default program that does not ideally meet the users 
schedule. As a result, such thermostat programs aren't 
utilized by many consumers. This problem of program- 
ming a thermostat is described in U. S. Patent 5,782,296 
to Mehta. Mehta describes a need for a user-friendly ther- 



mostat that operates as a manual thermostat at power- 
up, enabling the user to manually select a desired tem- 
perature immediately without having to spend time and 
effort programming the thermostat. It also describes a 
need for a thermostat that enables users to more easily 
customize or "program" their thermostats, as compared to 
existing "pre-programmed" thermostats. The thermostat 
in Mehta provides the user with an "Auto Prog" button that 
the user can press repeatedly to select from one of several 
arbitrary pre-programmed sets of times and tempera- 
tures, of which may not be based on any supporting con- 
sumer data. This requires the user to scroll through the 
pre-programmed sets to find one with a temperature set- 
ting and schedule that are satisfactory to the user. Mehta 
does not, as such, address the need of many users who do 
not want to program a thermostat, but rather want to 
press a single button one time to run a single energy-sav- 
ing set-back program that includes the user's desired 
temperature setting. Thus, there is still a need for a ther- 
mostat that can be easily programmed to set back the 
user's desired temperature setting for a predetermined 

time period, by simply pressing a single button once. 
Summary of Invention 



[0003] There is provided, in accordance with one aspect of the 
invention, a digital thermostat comprising up and down 
temperature adjustment buttons, an LCD display, and a 
button for automatically initiating a single set back pro- 
gram including the last "desired" temperature selected by 
the user of the thermostat. The digital thermostat allows 
the user to adjust the temperature set point to a desirable 
setting using the up and down temperature buttons, and 
to press a program button once at any time to initiate a 
single program that sets back the user's desired tempera- 
ture setting by a predetermined amount during setback 
time periods. In the preferred embodiment, the setback 
time period is predetermined to simplify user program- 
ming, and is based on the "go to bed" and "get up times" 
of U. S. Households published by the National Sleep Foun- 
dation. 

[0004] it j S thus an object of the invention to provide a thermo- 
stat that can easily be programmed by pressing a single 
button once, for initiating a single program that sets back 
the last selected temperature setting by a predetermined 
amount during predetermined setback time periods. In 
another embodiment of the invention, the thermostat 
simplifies programming by setting the time for the user. 



[0005] ^ is a further object of the invention to provide a thermo- 
stat that can automatically set the current time and date, 
to allow a user to easily initiate a single set back program 
without having to set the current time and date. The ther- 
mostat automatically sets the current time and date using 
information broadcasted by station WWVB, which is oper- 
ated by the National Institute of Standards and Technol- 
ogy. The thermostat displays the local time on an LCD. 
Brief Description of Drawings 

[0006] pig. 1 is a schematic representation of the programmable 
digital thermostat in accordance with the present inven- 
tion. 

[0007] pig. 2 is a flow chart representing a program subroutine 
for setting the time of the programmable thermostat in 
accordance with the present invention. 

[0008] Fig. 3 is a flow chart representing a program subroutine 
for setting back the set point temperature of the pro- 
grammable thermostat in accordance with the present in- 
vention. 
Detailed Description 

[0009] a digital thermostat incorporating the one-button pro- 
gramming feature according to the principles of the 



present invention is indicated generally at 10 in Fig. 1. 
The digital thermostat 10 comprises up and down tem- 
perature adjustment buttons 12 and 14, an LCD display 
16, a "Program" button 18 for initiating a single tempera- 
ture-setback program, a microprocessor 20, an antenna 
22 and a receiver integrated circuit 24. It should be un- 
derstood that the "Program" button need not be a single 
button, and alternatively may comprise two buttons 
pressed simultaneously to substantially achieve the same 
result of initiating a set-back program with a single action 
from the user. The LCD display is configured to display at 
a minimum the sensed temperature, the set point temper- 
ature, the time zone and the date and time. The antenna 
22 is tuned to receive a 60kHz time code signal broadcast 
from station WWVB in Fort Collins, and in the present in- 
vention is preferably a 60kHz LC tuned ferrite core an- 
tenna made by HKW Elektronik GmbH. The receiver inte- 
grated circuit 24 detects and amplifies the time code sig- 
nal, and is preferably an Atmel T4227 time code receiver 
chip, but may be any other suitable time code receiver 
chip. The microprocessor 20 includes a digital input port 
pin, for decoding the time signal from the receiver 24. 
The microprocessor 20 in the present invention is prefer- 



ably a 32Kb microprocessor S3C8249XZZ-OWR9 manu- 
factured by Samsung. 
[0010] when the thermostat is initially connected to a power 

source, or is powered up after a loss of power, the soft- 
ware program in the microprocessor 20 initiates an auto- 
matic time set subroutine as described in Fig. 2. At step 
100, the subroutine initiates the display of a "TIME ZONE" 
and a flashing "ET", followed by "SELECT a" and "ENTER v " 
to prompt the user to press the temperature up button 12 
to select, and the temperature down button to enter. The 
user can successively depress the up button to change 
from the "ET" eastern time default to "CT" for central time 
or to "MT" for mountain time or to "PT" for pacific time. 
After the user has pressed the temperature down button 
to enter a time zone at step 110, the subroutine stores 
the time zone into EEPROM memory in the microprocessor 
20. The subroutine at step 130 checks the input port pin 
on microprocessor 20 for the presence of a signal from 
the receiver 24. If a signal is not received at step 130, the 
microprocessor retrieves the default settings for the time 
and date at step 140. If the microprocessor 20 decodes a 
WWVB broadcasted time code signal at step 150, the min- 
utes, hours, day, and year information are stored into the 



microprocessor's RAM memory. It should be noted that 
WWVB's low frequency signal can cover the entire conti- 
nental United States and much of Canada, and a small and 
relatively simple antenna and receiver can reliably decode 
the time code signal from any location in the continental 
United States. At step 160, the subroutine loads the time 
information from RAM memory into the local clock con- 
trolled by the microprocessor and adjusts the hour value 
to correspond to the time zone in EEPROM memory and 
daylight savings time. At step 170 the subroutine displays 
the current time and date on the LCD as determined by 
the local clock. The subroutine ends and the thermostat 
immediately begins operating at a default temperature set 
point of 73 degrees. The user is then free to adjust the 
temperature set point to any desired temperature setting. 
The user may at any time press the "Program" button to 
initiate a single temperature-setback program, which dur- 
ing setback periods will lower the last "desired" tempera- 
ture set point selected by the user by a predetermined 
amount often degrees in heat mode, or raise the last "de- 
sired" temperature set point selected by the user by a 
predetermined amount often degrees in cool mode. The 
predetermined setback amount often degrees is based on 



data in an energy savings article "Automatic and Pro- 
grammable Thermostats" published by the DOE Office of 
Energy Efficiency and Renewable Energy. The setback time 
period in the preferred embodiment has been predeter- 
mined to simplify user programming, and is based on the 
"go to bed" and "get up" times, of 11:00 PM and 5:00 AM 
for example, for a given percentage of U. S. Households 
as published by the National Sleep Foundation. Such typi- 
cal household schedules may also be derived from other 
alternative sources. While the preferred embodiment has 
incorporated the above setback amount and setback time 
period, it should be noted that the invention should not 
be limited in scope to the above example of a predeter- 
mined setback amount and time period. 
1 ] Referring to Fig. 3, when the user presses the "Program" 
button, a subroutine program in the microprocessor 
stores the "desired" temperature set point last selected by 
the user as the programmed set point temperature T at 
step 200. At step 210, the subroutine checks whether the 
current time is greater than 5:00 AM and less than 11:00 
PM before proceeding to step 220. At step 220, the sub- 
routine determines if the thermostat is in heat mode or 
cool mode. When in heat mode, the subroutine at step 



230 checks whether the sensed temperature is less than 
the programmed temperature set point T, in which case 
the subroutine activates heating at step 240. If the sensed 
temperature at step 230 is not less than the programmed 
temperature set point T, the heating is deactivated at step 
250. When the thermostat is in the cool mode at step 220, 
the subroutine checks at step 260 whether the sensed 
temperature is greater than the programmed temperature 
set point T, in which case the subroutine activates air 
conditioning at step 270. If the sensed temperature at 
step 260 is not greater than the programmed temperature 
set point T, the air conditioning is deactivated at step 280. 
The subroutine will maintain the programmed set point 
temperature T in this manner until the time at step 210 is 
no longer between 5:00 AM and 11:00 PM. When this oc- 
curs, the subroutine proceeds to setback operation at step 
310. At step 310, the subroutine checks whether the cur- 
rent time is less than 5:00 AM or greater than 11:00 PM 
before proceeding to step 320. At step 320, the subrou- 
tine determines if the thermostat is in heat mode or cool 
mode. When in heat mode, the subroutine checks at step 
330 whether the sensed temperature is more than ten de- 
grees less than the programmed temperature set point T, 



in which case the subroutine activates heating at step 
340. If the sensed temperature at step 330 is not more 
than ten degrees less than the programmed temperature 
set point T, the heating is deactivated at step 350. When 
the thermostat is in the cool mode at step 320, the sub- 
routine checks at step 360 whether the sensed tempera- 
ture is more than ten degrees greater than the pro- 
grammed temperature set point T, in which case the sub- 
routine activates air conditioning at step 370. If the 
sensed temperature at step 360 is not more than ten de- 
grees greater than the programmed temperature set point 
T, the air conditioning is deactivated at step 380. The 
subroutine maintains a ten-degree offset from the pro- 
grammed set point temperature T in this manner until the 
time at step 310 is no longer between 11:00 PM and 5:00 
AM. At such time, the subroutine returns to normal tem- 
perature set point operation at step 210. If at any point 
the user desires to temporarily adjust the temperature 
setting, the user may press the up or down temperature 
buttons to hold the adjusted temperature setting for a 
two-hour period before returning to the program subrou- 
tine at step 200. The user may turn off the program by 
simply pressing the program button once again, and the 



thermostat will immediately begin operating at the last 
temperature set point selected by the user. It should be 
noted that the user may also have the option to program 
the thermostat in the same manner used by prior art ther- 
mostats, by manually selecting specific time periods and 
temperatures. 

[0012] Those skilled in the art will recognize that the inventive 

digital thermostat of this invention may be useful in many 
HVAC applications and in programming of such HVAC ap- 
plications. Inasmuch as many modifications within the 
spirit of the invention will be apparent to those skilled in 
the art, the scope of the invention should be determined 
by reference to the claims appended below and the full 
scope of equivalents as provided by applicable laws. 



